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S U M M A R Y
Objective: Hepatitis E, caused by the hepatitis E virus (HEV), is an important global public health concern.
There are conﬂicting reports in regard to the association of HEV infection and psychiatric disorders.
Therefore, we investigated this association in a Chinese population through a case–control
seroprevalence study.
Methods: A case–control study of 445 psychiatric patients and 445 control subjects was conducted
between June 2011 and July 2013 to estimate the seroprevalence and potential risk factors associated
with acquiring HEV infection in psychiatric patients in China. Demographic and clinical data and blood
samples were collected, and anti-HEV IgG and IgM antibodies were measured by ELISA method.
Results: The prevalence of anti-HEV IgG in psychiatric patients (27.19%) was higher than that in healthy
controls (19.55%) (p = 0.07). In addition, there were signiﬁcant differences in seroprevalences of HEV
infection according to the type of psychiatric disorder. Sex, age, contact with dogs and cats, and exposure
to soil were found to be risk factors for HEV infection.
Conclusions: Psychiatric patients have a higher prevalence of HEV infection than control subjects in
China. Considering the promotion of public health, psychiatric patients should be considered a speciﬁc
group of HEV infection.
 2014 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/3.0/).
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Hepatitis E caused by the hepatitis E virus (HEV) is an important
public health problem in many parts of the world,1 especially in
developing countries. Although seroprevalences vary considerably
worldwide, it is estimated that a third of the world’s population
has been infected with the virus.1 Transmission is primarily by* Corresponding author. Tel.: +86 931 8342813; fax: +86 931 8340977.
E-mail addresses: xingquanzhu1@hotmail.com, xingquanzh@scau.edu.cn
(X.-Q. Zhu).
http://dx.doi.org/10.1016/j.ijid.2014.07.023
1201-9712/ 2014 The Authors. Published by Elsevier Ltd on behalf of International So
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).fecal–oral route through food or water contaminated with feces.1,2
Large waterborne outbreaks of HEV infection often occur
explosively in areas where sanitary conditions are poor and the
hygiene infrastructure is underdeveloped.2
Immune-compromised individuals and institutionalized
patients are at high risk of suffering from infectious diseases,
including hepatitis E.3 Nevertheless, studies on the prevalence of
HEV infection among psychiatric patients are extremely limited.3–5
Thus, we conducted a case–control study to estimate the
seroprevalence of HEV infection and the potential risk factors
for acquiring HEV infection in psychiatric patients in Shandong
Province, eastern China.ciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
Table 1
Factors associated with HEV infection among psychiatric patients and control subjects in China
Characteristic Psychiatric patients (n=445) Control subjects (n=445) Total (n=890)
No. of
subjects
tested
No.
positive
Prevalence of HEV
infection % (95% CI)
p-Value No. of
subjects
tested
No.
positive
Prevalence of HEV
infection % (95% CI)
p-Value No. of
subjects
tested
No.
positive
Prevalence of HEV
infection % (95% CI)
p-Value
Sex
Male 207 63 30.44 (24.17–36.70) 0.152 207 47 22.71 (17.00–28.41) 0.118 414 110 26.57 (22.32–30.83) 0.035
Female 238 58 24.37 (18.92–29.82) 238 40 16.81 (12.06–21.56) 476 98 20.59 (16.96–24.22)
Age, years
<30 172 37 21.51 (15.37–27.65) 0.016 171 29 16.96 (11.33–22.58) 0.397 343 68 19.83 (15.61–24.04) 0.086
30–49 193 63 32.64 (26.03–39.26) 191 39 20.42 (14.70–26.14) 384 104 27.08 (22.64–31.53)
50–69 49 17 34.69 (21.37–48.02) 49 9 18.37 (7.53–29.21) 98 28 28.57 (19.63–37.52)
70 31 4 12.90 (1.10–24.70) 34 10 29.41 (14.10–44.73) 65 14 21.54 (11.55–31.53)
Ethnic group
Han 382 103 26.96 (22.51–31.41) 0.790 382 77 20.16 (16.13–24.18) 0.427 764 180 23.56 (20.55–26.57) 0.742
Korean 63 18 28.57 (17.42–39.73) 63 10 15.87 (6.85–24.90) 126 28 22.22 (14.96–29.48)
Area of residence
Urban 317 91 28.71 (23.73–33.69) 0.258 307 63 20.52 (16.00–25.04) 0.441 624 154 24.68 (21.30–28.06) 0.158
Suburban or rural 128 30 23.44 (16.10–30.78) 138 24 17.39 (11.07–23.72) 266 54 20.30 (15.47–25.14)
Contact with cats and dogs
Yes 309 96 31.07 (25.91–36.23) 0.006 317 68 21.45 (16.93–25.97) 0.112 626 164 26.20 (22.75–29.64) 0.002
No 136 25 18.38 (11.87–24.89) 128 19 14.84 (8.68–21.00) 264 44 16.67 (12.17–21.16)
Raw vegetable consumption
Yes 345 92 26.67 (22.00–31.33) 0.644 350 68 19.43 (15.28–23.57) 0.897 695 160 23.02 (19.89–26.15) 0.642
No 100 29 29.00 (20.11–37.89) 95 19 20.00 (11.96–28.04) 195 48 24.62 (18.57–30.66)
Barbecue consumption
Yes 314 88 28.03 (23.06–32.99) 0.540 334 68 20.36 (16.04–24.68) 0.456 648 156 24.07 (20.78–27.37) 0.417
No 131 33 25.19 (17.76–32.63) 111 19 17.12 (10.11–24.12) 242 52 21.49 (16.31–26.66)
Exposure to soil
Yes 279 86 30.82 (25.41–36.24) 0.026 271 58 21.40 (16.52–26.29) 0.219 550 144 26.18 (22.51–29.86) 0.012
No 166 35 21.08 (14.88–27.29) 174 29 16.67 (11.13–22.20) 340 64 18.82 (14.67–22.98)
Source of water
Tap 317 81 25.55 (20.75–30.35) 0.221 307 63 20.52 (16.00–25.04) 0.441 624 144 23.08 (19.77–26.38) 0.751
Well and river 128 40 31.25 (23.22–39.28) 138 24 17.39 (11.07–23.72) 266 64 24.06 (18.92–29.20)
HEV, hepatitis E virus; CI, conﬁdence interval.
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Between June 2011 and July 2013, serum samples were
collected from 445 psychiatric patients. Inclusion criteria for the
psychiatric patients were the following: (1) psychiatric patient, (2)
age 16 years and older, and (3) accepted participation in the study.
A clinical evaluation by hospital psychiatrists was used to
determine the psychiatric patients’ capacity to consent. Only
psychiatric patients who had the capacity to consent and who
agreed to participate were included in the study. For the control
group, a total of 445 serum samples collected from the general
population of Weihai, matched with the psychiatric patients by
age, gender, and residence, were included in the study.
Approximately 5 ml of venous blood was drawn from the
participants in this study. Blood samples were left overnight at
room temperature to allow clotting and were then centrifuged at
3000 rpm for 10 min. The sera were collected in Eppendorf tubes
and stored at 4 8C for 24–72 h until transportation in an ice box to
the State Key Laboratory of Veterinary Etiological Biology, Lanzhou
Veterinary Research Institute, Chinese Academy of Agricultural
Sciences, Lanzhou, Gansu Province where they were kept at 20 8C
until analyzed. The prevalences of HEV IgG and IgM were
determined using HEV IgG and IgM enzyme immunoassays
(Wantai Biological Pharmacy Enterprise, Beijing, China), as per
the manufacturer’s instructions.
A structured questionnaire was used to collect socio-demo-
graphic data and details of putative risk factors from the
volunteers. These variables were chosen based on the literature.
In addition, the psychiatric patient data were obtained from the
patients themselves, informants, and the medical examination
records. Classiﬁcation of mental illnesses was performed according
to the ICD-10 criteria.6 Results were analyzed using IBM SPSS
Statistics version 19.0 (IBM Corp., Armonk, NY, USA). The Chi-
square test was used to analyze the anti-HEV IgG and anti-HEV IgM
seroprevalence with respect to putative risk factors. Differences
were considered to be statistically signiﬁcant when p < 0.05. The
exact binomial conﬁdence interval was calculated for each group.
This study was approved before its commencement by the
Ethics Committee of Wendeng People’s Hospital, Wendeng
Municipal Hospital, and Weihai Wendeng Center Hospital. Serum
samples were collected with the agreement of the volunteers.
3. Results
One hundred and twenty-one of 445 psychiatric patients
(27.19%, 95% CI 23.06–31.33%) and 87 of 445 controls (19.57%, 95%Table 2
Clinical diagnosis and seroprevalence of anti-HEV IgG antibodies in 445 psychiatric pa
Clinical diagnosis ICD-10 diagnosis 
Epilepsy G40 
Affective disorder F30, F39 
Somatoform disorder F45 
Schizophrenia F20 
Mental and behavioral disorders due to use of alcohol F10, F18 
Mental and behavioral disorders due to use of drugs F13, F15, F19 
Obsessive-compulsive disorder F42 
Mild depression F32.051 
Moderate depression F32.151 
Major depressive disorder F32.251 
Mental retardation F71-37, F78 
Alzheimer’s disease G30 
Dementia in Alzheimer’s disease with early onset F00.0 
Total 
HEV, hepatitis E virus; ICD-10, International Classiﬁcation of Diseases, 10th revision; C
a As compared with 19.55% seroprevalence of anti-HEV IgG antibodies in controls (8CI 15.87–23.24%) were positive for anti-HEV IgG antibodies,
indicating latent infection with HEV; the difference between
groups was statistically signiﬁcant (p < 0.05). For anti-HEV IgM,
30 out of 890 serum samples (3.37%) were assayed positive for HEV
and the seroprevalences in psychiatric patients and control
subjects were 3.15% and 3.60%, respectively. No statistically
signiﬁcant difference in seroprevalence of anti-HEV IgM antibodies
was found between the psychiatric patients and control subjects.
Sex, age, contact with dogs and cats, and exposure to soil were
found to be risk factors for HEV infection (Table 1).
The seroprevalences of HEV infection in the patients in terms of
their psychiatric disorders are shown in Table 2. The highest
prevalence of latent HEV infection was found in patients with
mental and behavioral disorders due to the use of alcohol (26/53,
49.06%). In addition, a high prevalence of latent HEV infection was
found in schizophrenic patients (16/34, 47.06%), patients with
mental and behavioral disorders due to drug use (12/26, 46.15%),
and patients with mental retardation (15/40, 37.50%).
4. Discussion
In this study, we found a 27.19% seroprevalence of HEV
infection in psychiatric patients in Weihai, Shandong Province,
eastern China. In previous studies in China and Germany,
signiﬁcantly higher prevalences of HEV infection were reported
in inpatients with schizophrenia than in normal subjects.3,4 The
prevalence of HEV infection in patients with schizophrenia found
in our study is much higher than that reported in previous studies.
Altogether, these studies indicate that psychiatric patients have a
higher HEV prevalence than control subjects.
Our study showed the prevalence of anti-HEV to increase
signiﬁcantly with age. A high anti-HEV seroprevalence was found
in the age groups >30 years, a group that has been reported to be at
high risk for HEV infection.7,8 The higher HEV prevalence with
increasing age in psychiatric patients indicates the accumulated
exposure to the virus over a lifetime and the accessional
propagation path related to the patients’ unsuitable behaviors or
the environment of the institution, which could increase the risk of
infection. Furthermore, the study showed males to have a higher
prevalence of HEV infection than females.
Contact exposure with infected animals could lead to an
elevated risk of HEV transmission in humans, and recent research
by different groups suggests that HEV transmission is possible in
relation to the ingestion of raw or undercooked meat and offal from
animals.9,10 In our study, we found that contact with animals was
associated with HEV seropositivity. In addition, the pig industry istients
Patients with anti-HEV IgG antibodies
No. tested No. % (95% CI) p-Valuea
49 12 24.49 (12.45–36.53) 0.412
13 2 15.39 (0.00–35.00) 0.708
36 6 16.67 (4.49–28.84) 0.673
34 16 47.06 (30.28–63.84) <0.001
53 26 49.06 (35.60–62.52) <0.001
26 12 46.15 (26.99–65.32) 0.001
29 5 17.24 (3.49–30.99) 0.761
23 2 8.70 (0.00–20.21) 0.196
52 9 17.31 (7.03–27.59) 0.698
39 6 15.39 (4.06–26.71) 0.527
40 15 37.50 (22.50–52.50) 0.008
33 5 15.15 (2.92–27.39) 0.536
18 5 27.78 (7.09–48.47) 0.391
445 121 27.19 (23.06–31.33) 0.007
I, conﬁdence interval.
7/445).
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area. Pork is also a major part of the cuisine and is consumed
widely in China; it is common to consume uncooked meat or not
properly cooked meat in the local area. Although the consumption
of barbecued foods was not found to be associated with HEV
seroprevalence in this study, attention should be drawn to
avoiding the consumption of raw or undercooked meat in such
situations.
In conclusion, psychiatric patients have a higher prevalence of
HEV infection than control subjects in Shandong Province, eastern
China. However, our study has some weaknesses: the data
represent only a speciﬁc province of China and the numbers of
patients in the different age groups were low. Further studies
should be conducted to estimate the prevalence of HEV infection in
psychiatric patients in other provinces of China, and the numbers
of patients in the different age groups should be increased. In
addition, it would be very interesting to compare the prevalence of
other types of hepatitis (A, B, C) with the prevalence of HEV.
Nevertheless, our ﬁndings reﬂect the need to set up a national HEV
surveillance program in China.
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